Exposure of adipocytes of rats to CdC12 caused acceleration of [3-3H] 
Cd2+ increased labelling of di-and tri-[14C]acylglycerols predominantly. With in- creasing concentrations of glucose the apparent Km value was not affected by Cd2 , but the V value was increased, similarly to the effect of insulin. In the presence of insulin, Cd2+ (5pM) exerted a consistent additive effect with a stimulatory effect of insulin on lipogenesis at all concentrations of insulin tested (5-50uunits/ml). The stimulation was observed at a high concentration of glucose, suggesting that Cd2+ accelerated intracellular metabolism of glucose, mimicking insulin. However, although Zn2+ and Mn2+ stimulated the transport at a rate similar to that observed with insulin (200punits/ml), Cd2+ had no stimulating effect on the membrane transport of 3-O-methylglucose. The biological potency of Cd2+ and the insulin-like effects of Zn2+, both of which metals belong to the same group in the Periodic Table, are similar towards glucose metabolism, but quite different towards glucose transport.
Cadmium is recognized to be a toxic non-essential trace element inhibiting numerous enzymes with functional thiol groups (Vallee & Ulmer, 1972) . However, cadmium, like zinc (which is an essential trace element), belongs to group IIB of the Periodic Table and has chemical properties similar to those of zinc. Indeed, cadmium has been reported to function in proteins in place of zinc (Vallee & Ulmer, 1972; Davis & Avram, 1978; Andersson et al., 1981) . Moreover, cadmium was known to stimulate or inhibit some enzymes, depending on the ion concentration, such as mitochondrial ATPase (Houstek & Drahota, 1977; Rauchova & Drahota, 1979) , glutathione peroxidase (Flegal et al., 1980) , 6-aminolaevulinate dehydratase, pyruvate dehydrogenase, malate dehydrogenase, glucose-6-phosphate dehydrogenase and acid phosphatase (Vallee & Ulmer, 1972) .
In the course of preliminary investigations in regard to the role of trace metals on the function of the membrane and glucose metabolism in rat adipocytes, we noticed that CdCl2 produced an insulin-like enhancement in the conversion of glucose into CO2 and lipid, like the stimulation effect of other bivalent cations, i.e., zinc, manganese, nickel and mercury (Yamamoto et al., 1983 ).
* To whom reprint requests should be addressed.
There have been some investigations of the effects of zinc(II) (Coulston & Dandona, 1980; May & Contoreggi, 1982) , manganese(II) (Rennie & Upton, 1981) or nickel(II) (Saggerson et al., 1976) on glucose metabolism, in which studies those metal ions showed some actions mimicking those of insulin. The present paper demonstrates that the bivalent cadmium ion really acts as a stimulant of glucose intracellular metabolism in rat adipocytes, comparing the results of lipogenesis with those of zinc(II), manganese(II), nickel(II) or insulin.
Materials and methods

Chemicals
Bovine serum albumin (fraction V) was obtained from Armour Pharmaceutical Co. (Kankakee, IL, U.S.A.), and dialysed against Krebs-Ringer bicarbonate buffer (pH 7.4) with half the suggested concentration of Ca2+ (Rodbell, 1964 Rodbell (1964) with minor modifications. Cells were resuspended in Krebs-Ringer bicarbonate buffer containing 0.2% albumin and left for 30min at 37°C before the incubation, to obtain a constant low baseline value (Vega & Kono, 1979; Yamamoto et al., 1983 The lipid material in the medium and the cells was extracted with toluene-based scintillant by the method described by Coulston & Dandona (1980) . This lipid/toluene phase was washed with water, and the 3H radioactivity was counted. The result ofthis simple procedure was compared with that obtained by an established method for lipid, namely extraction with the solvent system chloroform/methanol/2M-KCl (see below). Very similar results were obtained in both methods, proving the reliability of the former.
3-0-Methylglucose transport
The standard assay mixture contained 0.05mM- through Whatman GF/C glass microfibre paper.
The filter paper was washed with 3 x 4ml of cold 0.9% NaCl containing 0.1% albumin and dried in a scintillation-counting vial, as described by Czech (1976 Czech ( , 1980 (Patterson & Greene, 1965) .
Radioactivity assay
Radioactivity was assayed in a Packard model 703 liquid-scintillation system by using a toluenebased scintillator containing 2,5-diphenyloxazole (4g) and 2,4-bis-(5-phenyloxazol-2-yl)benzene (50mg) per litre unless otherwise stated.
Results
Stimulation of lipogenesis
Investigations of the concentration-dependence of the lipogenesis from glucose on Cd2+ are shown in Fig. 1 Concn. of metal ion (pNi) Fig. 1 1972). Cd2+ is also an antagonist of Ca2 . Cd2+ stimulated the apparent rate of glucose conversion into lipids, with maximal stimulation to more than twice the basal values achieved at 500 Mm-Cd2 . Cd2+ and Zn2+ were almost equally effective on lipogenesis, in the magnitude of the stimulation and their effective concentrations, as shown in Fig.   1 (a).
Lipogenesis from glucose was stimulated by either Mn2+ or Ni2+, and maximally to about 2.5 times the values at 5 mm, a concentration one order of magnitude higher than that of Cd2+ or Zn2+ (500.uM) for maximal stimulation. Both maximum stimulations by Mn2+ and Ni2+ remained constant up to 10mM metal ions, the highest concentration tested.
When adipocytes were incubated with combination of Cd2+ and 5punits/ml of insulin, a further significant increase (20%) in lipogenesis occurred at concentrations of 5pM-Cd2+ (Fig. lb) . At this concentration scarcely any stimulation was observed when Cd2+ alone was added. In the presence of insulin, however, the behaviour of Zn2+ was quite different from that of Cd2+. Zn2+ increased the insulin-stimulated conversion rates at concentrations of 100-500pM, at which Zn2+ alone exhibits stimulation in a degree significantly similar to that obtained by Coulston & Dandona (1980) . At concentrations above 3mM, Mn2+ showed apparent additive effects to stimulation by insulin of lipid production, but no stimulation was apparent with Ni2+ at the concentrations tested (5 uM-10mM).
Glucose-concentration dependence Fig. 2 shows the glucose-concentration dependence of basal and Cd2+-or insulin-stimulated [3-3H]glucose incorporation into lipids. Increasing the glucose concentration in the medium to the maximal value of 25mm stimulated the formation of lipid from glucose. Cd2+ and insulin caused further increases, depending on the glucose concentration. The Lineweaver-Burk representations of all these saturation curves gave a linear relationship over the glucose-concentration range examined (results not shown). The rate of [3-3H]glucose incorporation into lipid was linear for 2 h in the absence or presence of Cd2+ (500 pM) or insulin (5punits/ml) under the conditions tested. Cd2+ increased the insulinstimulated rate constantly when it was added at a concentration of 5 um with insulin (5punits/ml) to the reaction medium. Prolonged incubation over 2 h occasionally caused a decrease in the control rate, but in the presence of Cd2+ and/or insulin stimulation remained linear until 3h, the longest period tested.
Insulin dose-response relationship for effect of 5S M-
Cd2+
Half-maximal stimulation of glucose incorporation into lipid occurred at an insulin concentration of 13.5 uunits/ml, and at 12.Opunits/ml in the presence of Cd2+, i.e. at the same concentration. Cd2+ consistently stimuluated (18-22% up) the conversion of glucose into lipids in the presence of insulin concentrations up to 50punits/ml, the highest concentration tested. The effects of Cd2+ were statistically significant at 5, 10, 25 and 50 punits of insulin/ml (P < 0.05; n = 6-7). Fig. 3 ). At this concentration Cd2+ stimulates lipid formation from glucose maximally. Results similar to those obtained with Cd2+ were obtained with Ni2+.
Increased labelling of tri-and di-[14C]acylglycerols T.l.c. showed that tri-and di-acylglycerols were the main components of the increased lipid production through the stimulation of both insulin and Cd2+, with minor increases in phospholipid, fatty acid, cholesterol, monoacylglycerol and other unknown components. For triacylglycerols, the radioactivity incorporated from [U-14C]glucose of controls, with Cd2+, and with insulin was 24347+906, 42035+2750 and 66718 +6229 d.p.m./1.8 x 104 cells respectively, and for diacylglycerol, the values for controls, with Cd2+, and with insulin were 6859+569, 26467+2530 and 34407 + 3221 d.p.m./1.8 x 104 cells respectively (means±+ S.E.M., n = 3).
Discussion
The insulin-like effect of Cd2+ on the glucose utilization of the fat-cell has been shown. Cd2+ stimulated the conversion of glucose into lipids, especially tri-and di-acylglycerols, in low concentrations of an albumin-containing medium. We demonstrated previously that the low concentration of albumin (2mg/ml of Krebs-Ringer bicarbonate) is a preferable incubation medium when the influence of a metal ion on the glucose metabolism in adipocytes is examined (Yamamoto et al., 1983 (1967) that transport into rat cells appears to be the rate-limiting step in glucose metabolism, it has been generally assumed that agents which stimulate glucose utilization enhance transport. However, although this appears true for insulin, it has not been proved for most other agents known to stimulate fat-cell glucose oxidation or lipogenesis. May & Contoreggi (1982) , using cytochalasin B as a specific inhibitor for membrane transport, have shown that Zn2+ stimulates both 3-0-methylglucose transport and glucose metabolism to C02, or to acylglycerol fatty acid and glycerol independently. In the presence of 25 mM-glucose, 500 iM-Cd2+ gave about 50% stimulation of adipocyte lipogenesis (Fig. 2) in a similar manner to Zn2+. At 25mM-glucose, intracellular metabolism and not transport is rate-limiting (Crofford & Renold, 1965) . Therefore the persistent stimulation by Cd2+ indicates acceleration of an intracellular metabolism. However, this metal ion did not reveal any acceleration of membrane transport of the non-metabolizable sugar, 3-0-methylglucose, whereas insulin, Zn2+ and Mn2+ stimulated it (Table 1, Fig. 3) .
It is known that Cd2+ interacts with phosphatidylethanolamine and phosphatidylserine monolayers, which are main components of cell membranes, and is effective in expanding them in water or in dilute NaCl solutions (Suzuki & Matsushita, 1968) . However, from the results obtained here in the presence of Cd2+, no accumulation of 3-0-methylglucose appeared over control values in fatcells, so that it is evident that the increase of lipogenesis is not caused by the increasing diffusion through the injured membrane induced by Cd2+ in the condition tested.
So little is known about the functional significance of Cd2 +. At present we do now know how Cd2 + acts on glucose metabolism in adipocytes. It could enter the cell and influence one or more of the steps of events directly, or it could act on the cell membrane, and a resulting mediator act as a second intracellular messenger. The problems deserve further investigation.
